BaCkGRounD: Endoscopic ultrasound (EUS) with fine-needle aspiration (FNA) is often used to assist in the evaluation of pancreatic lesions and may help to diagnose benign versus malignant neoplasms. However, there is a paucity of literature regarding comparative EUS characteristics of various malignant pancreatic neoplasms (primary and metastatic). oBJECtiVE: To compare and characterize primary pancreatic adenocarcinoma versus other malignant neoplasms, hereafter referred to as nonprimary pancreatic adenocarcinoma (NPPA), diagnosed by EUSguided FNA.
BaCkGRounD: Endoscopic ultrasound (EUS) with fine-needle aspiration (FNA) is often used to assist in the evaluation of pancreatic lesions and may help to diagnose benign versus malignant neoplasms. However, there is a paucity of literature regarding comparative EUS characteristics of various malignant pancreatic neoplasms (primary and metastatic). oBJECtiVE: To compare and characterize primary pancreatic adenocarcinoma versus other malignant neoplasms, hereafter referred to as nonprimary pancreatic adenocarcinoma (NPPA), diagnosed by EUSguided FNA.
MEthoDS:
The present study was a retrospective analysis of a prospectively maintained database. The setting was a tertiary care, academic medical centre. Patients referred for suspected pancreatic neoplasms were evaluated. Based on EUS-FNA characteristics, primary pancreatic adenocarcinoma was differentiated from other malignant neoplasms. The subset of other neoplasms was defined as malignant lesions that were 'NPPAs' (ie, predominantly solid or solid/cystic based on EUS appearance and primary malignant lesions or metastatic lesions to the pancreas). Pancreatic masses that were benign cystic lesions (pseudocyst, simple cyst, serous cystadenoma) and focal inflammatory lesions (acute, chronic and autoimmune pancreatitis) were excluded. RESuLtS: A total of 230 patients were evaluated using EUS-FNA for suspected pancreatic mass lesions. Thirty-eight patients were excluded because they were diagnosed with inflammatory lesions or had purely benign cysts. One hundred ninety-two patients had confirmed malignant pancreatic neoplasms (ie, pancreatic adenocarcinoma [n=144], NPPA [n=48]). When comparing adenocarcinoma with NPPA lesions, there was no significant difference in mean age (P=0.0675), sex (P=0.3595) or average lesion size (P=0.3801). On average, four FNA passes were necessary to establish a cytological diagnosis in both lesion subtypes (P=0.396). Adenocarcinomas were more likely to be located in the pancreatic head (P=0.0198), whereas masses in the tail were more likely to be NPPAs (P=0.0006). Adenocarcinomas were also more likely to exhibit vascular invasion (OR 4.37; P=0.0011), malignant lymphadenopathy (P=0.0006), pancreatic duct dilation (OR 2.4; P=0.022) and common bile duct dilation (OR 2.87; P=0.039). ConCLuSionS: Adenocarcinoma was more likely to be present in the head of the pancreas, have lymph node and vascular involvement, as well as evidence of pancreatic duct and common bile duct obstruction. Of all malignant pancreatic lesions analyzed by EUS-FNA, 25% were NPPA, suggesting that FNA is crucial in establishing a diagnosis and may be helpful in preoperative planning. M ass lesions of the pancreas represent benign and malignant neoplasms of the exocrine and endocrine tissues, in addition to metastatic disease. Previous studies report that endoscopic ultrasound (EUS) fine-needle aspiration (FNA) is 80% to 90% sensitive and nearly 100% specific for the diagnosis of pancreatic malignancy (1) (2) (3) (4) . Most pancreatic mass lesions are due to primary adenocarcinoma; approximately 10% to 15% are due to other lesions including cystic neoplasms or neuroendocrine tumours.
Obtaining a histopathological diagnosis of pancreatic mass lesions is important because other types of carcinoma may be more amenable to therapeutic intervention and have distinctly different survivability (5) . In addition, therapeutic algorithms may differ based on pathological diagnosis. Once the FNA suggests malignancy, being able to identify specific EUS characteristics differentiating pancreatic adenocarcinoma from nonprimary pancreatic adenocarcinoma (NPPA) may further support a specific diagnosis and minimize uncertainty. Moreover, differentiating the type of malignant lesion determines the intervention and prognosis and it is important that this is accomplished accurately. In addition, some centres rely on FNA for all pancreatic mass lesions, while others are more selective in requesting FNA only in nonoperative candidates or for more unusual lesions. Therefore, there may be considerable utility and a need to define EUS features for detecting primary pancreatic adenocarcinoma versus NPPA.
The primary aim of our study was to compare primary pancreatic adenocarcinoma versus NPPA diagnosed by EUS-FNA in an attempt to identify EUS characteristics that can aid the endosonographer in differentiating between the two. Furthermore, we characterized what types of NPPA mass lesions arise from or metastasize to the pancreas.
MEthoDS

Study design and patients
The present study was a retrospective analysis of a prospectively collected database of patients who underwent EUS-FNA for a suspected pancreatic neoplasm between January 2004 and June 2009. The study received institutional review board approval and informed procedural consent was obtained from all patients.
Patients were referred based on previous radiographic imaging with a computed tomography scan demonstrating a mass lesion arising in the head, uncinate process, body or tail of the pancreas. The study cohort was limited to patients with solid or mixed solid/cystic pancreatic mass lesions, which was defined by EUS characteristics and the performance of >1 FNA pass. Purely benign cystic lesions (ie, simple cysts, pseudocysts, serous cystadenomas) and mass lesions secondary to focal acute or chronic pancreatitis of benign etiology and autoimmune pancreatitis, were excluded from analysis. The study cohort was further restricted to include patients with an FNA diagnosis that was definitive for or suspicious of malignancy. Cases that were suspicious for malignancy were subsequently confirmed by pathology on surgical resection or surgical biopsy or, in certain cases, follow-up FNA or EUS-guided core biopsy. Malignant lesions were defined as primary pancreatic adenocarcinoma versus NPPA, which are other solid or mixed solid/ cystic neoplasms that are primary or metastatic. With the above criteria applied, 192 malignant pancreatic neoplasms in 230 patients initially referred for EUS were analyzed.
Procedural information
Examinations under moderate conscious sedation consisting of intravenous midazolam and fentanyl, occasionally requiring droperidol or promethazine as adjunct sedation, were performed by one of three experienced endosonographers. Moderate conscious sedation was administered under an approved University of Wisconsin (Madison, Wisconsin, USA) institutional anesthesiology and gastroenterology protocol.
EUS examination was initially completed using a radial echoendoscope (GF-UM130 or GF-UE160, Olympus, USA) for evaluation and staging of target pancreatic lesions. Subsequently, a curvilinear echoendoscope (GF-UC140P-ALK5, Olympus) was used to evaluate and perform FNA of suspicious lesions. FNA was performed via standard technique using a 22-or 25-gauge needle (Echotip, Wilson-Cook, USA). Generally, a 22-gauge needle was used first. A 25-gauge needle was selected in cases of poor initial cellular return. A 19-gauge FNA needle (Quick-Core, Wilson-Cook, USA) was used in cases for which core biopsy was required. Immediate onsite cytopathology interpretation was available in all cases, either by the cytopathologist present or the presence of a cytology team member, such as a fellow trainee or technician, for assessment of specimen adequacy and direct, live video streaming of the cytology slide sample to the cytopathologist. For each procedure, the total number of FNA passes was recorded. The obtained sample was then passed to a member of the cytopathology team who then expressed the material onto glass slides (6) . Both air-dried and alcohol-fixed smears are typically prepared. Air-dried slides were stained with Hema-Diff (Nova-Ultra, IHC World Life Sciences Products and Services, USA) and reviewed immediately to provide a preliminary diagnosis. The number of cells per slide and their representation of the target organ/lesion sampled were used to determine the adequacy of the slide. On completion of the procedure, the slides were taken to the laboratory for final processing, additional staining, and final detailed interpretation and reporting by the cytopathologist.
Variables collected
After identifying the study cohort of 192 patients, patient age and sex, along with EUS findings and pathology results, were recorded. EUS findings included location and size (cm) of the pancreatic mass lesion, evidence of pancreatic duct (PD) and common bile duct (CBD) dilation (>7 mm), vascular invasion of the tumour, the presence of malignant-appearing lymphadenopathy and metastasis. Also recorded was the number of FNA passes performed to make a cytological diagnosis.
Possible locations of lesions included the head, uncinate process, body and tail of the pancreas. PD dilation was defined as a PD diameter >3 mm in the head, 2 mm in the body and 1 mm in the tail of the pancreas (7). If there was no mention of PD or CBD dilation in the EUS report, it was considered to be a negative finding. Vascular invasion was defined as the presence of tumour protruding into the vascular lumen as well as by vessel obstruction by tumour with or without the presence of collateral vessels (8, 9) . Vascular invasion was also defined by an area >15 mm of tumour-vessel interface without evidence of the echorich vascular wall. The presence of malignant-appearing lymphadenopathy was recorded if the four EUS features predictive of lymph node metastases were present: homogenous and hypoechoic appearance; sharply demarcated borders; rounded shape; and size >10 mm (10) .
Statistical analysis
The ability of each of the dichotomous variables to predict the probability of a patient having typical pancreatic cancer was assessed using logistic regression. In the case of malignant lymphadenopathy, the OR was not defined because of a zero in the 2×2 table. In this case, the association was tested using Fisher's exact test. t tests were used to evaluate the differences between the means of the continuous variables of pancreatic adenocarcinoma and NPPA lesions.
RESuLtS
Patient and lesion characteristics
A total of 230 patients were evaluated using EUS-FNA for suspected pancreatic mass lesions. Thirty-eight patients were excluded because they were diagnosed with inflammatory lesions or purely benign cysts. There were 192 patients (101 male) diagnosed with either a pancreatic adenocarcinoma (n=144) ( Figures 1A, 1B and 1C) or NPPA (n=48) over the five-year study period. The most common NPPA lesions diagnosed were neuroendocrine tumours (n=18) (Figure 2 , Table 1 ), followed by mucinous neoplasms with mixed solid/cystic components (n=12). In this subgroup, other primary pancreatic lesions included lymphoma (n=4), solid/cystic pseudopapillary tumours (n=2), gastrointestinal stromal tumour (n=1) and squamous cell carcinoma (n=1). The most common metastatic NPPA lesions were melanoma (n=3) (Figure 3 , Table 1 ) and small cell cancer (n=3). Other rare, metastatic NPPA lesions included high-grade soft tissue sarcoma (n=2), papillary serous metastatic ovarian carcinoma (n=1) and breast cancer (n=1). There were 21 patients (11%) with initial FNA suspicious for malignancy who required a second attempt at tissue acquisition via repeat EUS-FNA, EUS-guided core biopsy or confirmed pathology based on surgical resection specimen. Of these 21 patients, 11 had confirmed NPPA neoplasms, while 10 had primary pancreatic adenocarcinoma. 
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Figure 2) a Endoscopic ultrasound of a 2.0 cm × 2.5 cm hypoechoic mass in the body of the pancreas as an example of a nonprimary pancreatic adenocarcinoma lesion. B Corresponding fine-needle aspiration cytology showing a cluster of cells with eccentrically placed (plasmacytoid) nuclei showing a 'salt and pepper' chromatin pattern that is present in this Papanicolaou-stained slide and consistent with an Islet cell (neuroendocrine) tumour
There was no significant difference in mean age (P=0.0675) or sex (P=0.3595) between patients who had adenocarcinoma versus NPPA. Similarly, overall average lesion size (adenocarcinoma 3.49 cm versus NPPA 3.68 cm) was not significantly different by eventual diagnosis (P=0.3801). Nevertheless, larger lesions (ie, >5 cm) were often noted to be NPPA (11 of 48 [22.9%]; OR=0.15; P=0.0005). Anatomically, adenocarcinomas were more likely to be located in the pancreatic head. Lesions located in the tail of the pancreas were more likely to be NPPA (OR 0.14; P=0.0006). Lesions in the body of the pancreas had a clinically similar predilection for being primary adenocarcinoma (22.2%) or NPPA (27.1.5%) (P=0.4918) ( Table 2 ). Metastases were detected more freqeuently for adenocarcinoma (n=12 [8.4%]; OR 3.39) versus NPPA (n=1 [2.6%]); however, this was not a statistically significant difference (P=0.2483).
There was no significant difference in the overall mean number of FNA passes that confirmed the diagnosis of primary pancreas adenocarcinoma (range one to five FNA passes) versus NPPA (range two to seven FNA passes); (4.09 versus 4.34; P=0.3960). However, to establish a diagnosis of NPPA typically required more than three FNA passes (34 of 48 [72.3%]; OR 0.46; P=0.0354).
DiSCuSSion
There is a paucity of literature defining specific EUS characteristics differentiating pancreatic adenocarcinoma from NPPA. Our findings suggest that patients with a diagnosis of adenocarcinoma were more likely to have lesions located in the pancreatic head, have vascular involvement, malignant-appearing lymphadenopathy, and PD and CBD dilation. This has been supported by other recent studies (11) (12) (13) (14) (15) . The mean number of FNA passes performed for adequate diagnostic cytopathology of pancreatic lesions in our series was four (range one to seven), which is within the range of previously reported studies (three to seven) (16) (17) . PD and CBD dilation were more frequently present in our patients with adenocarcinoma. This can be attributed to the fact adenocarcinomas originate from the intraductal and acinar cells (18, 19) . Based on univariate analysis, Rodriguez et al (7) found that PD and CBD dilation were also significant findings predictive of cancer.
Additionally, the mean size of the lesions was not significantly different between the two groups. A retrospective study of 1000 cases (20) revealed that EUS-FNA was more accurate than percutaneous FNA techniques for masses <3 cm in size and that computed tomography and transabdominal ultrasound may not reliably detect pancreatic tumours <3 cm in size. The reason to emphasize this is that a cut-off point of 3 cm is one of the variables shown to be a predictor of better (21) . Among our patients, 26.6% with adenocarcinoma had lesions <3 cm in size. In these particular cases, early detection enables one to direct the clinical management of the patients and hopefully improve outcomes. Furthermore, larger lesions (ie, >5.0 cm) were more likely to be NPPA. We excluded purely cystic lesions such as serous cystadenomas, simple cysts, lymphoepithelial cysts or pseudocysts. These are less likely to harbour an underlying malignancy than a solid or mixed solid/ cystic-appearing lesion on EUS. Additionally, due to the increasing risk of infection with every subsequent pass, usually only one FNA is performed for evaluating purely cystic lesions. Cytology yield is generally low for cystic lesions. Therefore, surgical resection to determine true pathology is inevitable when a malignant pancreatic neoplasm cannot be entirely excluded (20, 22) .
Some authors have argued that a tissue diagnosis is unnecessary in patients with a sufficiently high clinical suspicion for cancer and, as such, the course of action should be surgical resection (23) . We believe that the first step in management of the lesion is identification via FNA diagnosis. The lesions that yield a negative FNA can be further characterized by endosonographic features typical for adenocarcinoma versus NPPA lesions. This becomes particularly relevant in cases of NPPA, in which management is very different than in pancreatic cancer. For instance, patients with metastatic cancer to the pancreas have a very different approach to treatment, without any role for surgery, except for palliation. It our particular series, metastatic lesions accounted for 21% of the rare, atypical lesions.
The strength of our study was its unique approach to investigating EUS characteristics of solid and solid/cystic neoplasms as another method for diagnosis to be used with EUS-FNA. Imaoka et al (24) reviewed a large-centre experience examining the utility of EUS-FNA and the prevalence of adenocarcinoma versus rare atypical lesions. They had 28 cases of rare (nonductal adenocarcinoma) pancreatic lesions. Of these, only 13 of 28 were defined malignant lesions (ie, pancreatic endocrine neoplasms, invasive intraductal papillary mucinous neoplasms), acinar cell canrcinoma, metastatic tumours and undifferentiated carcinoma with osteoclast-like giant cells); the other 15 were benign lesions. In our study, we reported 48 NPPA consisting of malignant solid and mixed solid/cystic pancreas lesions. According to our defined exclusion criteria, we would have eliminated the benign cases in their patient cohort. Nevertheless, their important study demonstrated that pancreatic neoplasms, other than ductal adenocarcinomas, have diverse imaging and histopathological features. In the study analysis by Imaoka et al (24) , EUS-FNA correctly diagnosed the type of neoplasm in 19 cases (67.9%) and distinguished between benign and malignant rare ('nonductal adenocarcinoma') tumours with a sensitivity of 69.2%, a specificity of 100%, a positive predictive value of 100%, a negative predictive value of 79.0% and an overall accuracy of 85.7%. Similar to our study, this suggests that EUS-FNS is accurate in distinguishing features of pancreas neoplasms. Therefore, this supports our assertion that EUS-FNA may assist to establish a diagnosis of NPPA.
Limitations of our study include its retrospective trial design. It was also a single-centre trial with a limited sample size. Given the fact that we are a tertiary care and oncology referral centre, there may be a component of selection bias accounting for the high number (ie, 26%) of NPPAs. Most patients at our centre are referred by open-access endoscopy for EUS based on review of imaging studies and referral indications from their primary care physicians, or referring gastroenterologists, medical and surgical oncologists. Moreover, the present study was based on EUS-FNA findings, and we did not compare clinical presentation of symptoms between the two groups at the time of presentation. However, the strength of our trial is that there are limited data in the literature comparing the radiographic characteristics of atypical and typical pancreatic lesions. The information that we gained regarding the characteristics of adenocarcinoma appearance per EUS corroborates with existing literature and autopsy reports as elaborated above.
When EUS-FNA provides tissue that indicates malignancy, the positive predictive value is reported to be nearly 100% (25) . The negative predictive value of EUS-FNA can be relatively low, ranging from 16% to 85% (1) (2) (3) (25) (26) (27) (28) . A negative FNA cannot definitively rule out the presence of malignant disease. As many as one in 10 EUS-FNAs result in false-negative cytology (6) . This is where the findings of our study can truly be used. Patients with features of having a lesion in the head of the pancreas, ductal dilation, as well as lymphatic and vascular involvement, are more likely to have an adenocarcinoma (6) . At the same time, patients lacking these characteristics are more likely to have NPPA lesions, either benign or malignant, which may require a different management approach.
Nevertheless, FNA likely assists in the diagnosis of NPPA. As stated earlier in the Methods section, for the purposes of comparing FNA passes and diagnostic yield in patients with primary pancreas adenocarcinoma versus NPPA, we restricted the study cohort to patients who had an FNA diagnosis that was definitively positive or suspicious for malignancy. In an earlier article from our institution by Spier et al (6) , which investigated predictors of malignancy in the setting of a negative EUS-FNA, 17 of 55 patients (31%) with an initial negative/nondiagnostic FNA were subsequently diagnosed with pancreatic adenocarcinoma, with a mean time to diagnosis of 66 days from the initial false-negative FNA. However, in this group, none of these patients were diagnosed with other NPPAs. The true-negative FNA patients were followed for a mean of 403 days without the development of pancreatic malignancy. However, in this study, the patients who initially had a negative or nondiagnostic FNA, but were subsequently diagnosed with pancreatic malignancy, had a significantly increased risk of cancer in the setting of lymphadenopathy (P<0.001) and suspected vascular invasion/involvement (P<0.001). Therefore, these serve as strong positive predictors for adenocarcinoma. This was also reflected in the current study.
In this light, a recent study by Turner et al (29) evaluated the accuracy of EUS-FNA in the diagnosis of pancreatic neoplasia. EUS-FNA was found to be 80% accurate for the detection of pancreatic adenocarcinoma using aspiration cytology. However, reclassification of suspicious cytology samples as diagnostic of malignancy resulted in a sensitivity of 93% for adenocarcinomas and 80% for pancreatic neuroendocrine tumours, with an overall improved accuracy rate of 94% (29) . In our retrospective cohort, initial EUS-FNA made the diagnosis of adenocarcinoma or NPPA in 90% of cases given strict cytological criteria, thus reflecting a very good accuracy rate. In approximately 11% of these cases (21 of 192 patients) that were interpreted as 'suspicious' for malignancy, 11 had confirmed NPPA based on repeat EUS-FNA, EUS-guided core biopsy or definitive pathology based on a surgical resection specimen.
Pancreatic mass lesions and tissue characterization may also be improved by the newer generation of endosonographic processers that use elastography. A recent study by Itokawa et al (30) demonstrated that EUS elastography with semiquantitative analysis using the strain ratio was helpful in differentiating various mass lesions of the pancreas. In their retrospective analysis of 109 patients, they were able to accurately distinguish between mass-forming pancreatitis versus pancreatic cancer. However, a study by Hirch et al (31) noted that the main limitation of EUS elastography in evaluating mass lesions of the pancreas was incomplete delineation of the border of lesions ≥35 mm in diameter or lesions at some distance from the transducer. They also noted that eleastographic recordings were hampered by the fact that the surrounding tissue was inadequately displayed in the larger mass lesions and this would impact on the strain ratio calculation. In this prospective study of 70 patients, they found that EUS elastography predicted the nature of pancreatic lesions with poor diagnostic sensitivity (41%), specificity (53%) and accuracy (45%). As a result, the authors concluded that the clinical utility of this technique remains questionable and it seems that the information provided would unlikely obviate the need for obtaining tissue samples via FNA for confirmation of a final pathological diagnosis.
